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ikÏ � xÐi {Y| `;POK�P�`;LÑZ [ KYf c X§f�ÒVKYfÓXGZVmVP�eVX cMÔ XGKML§P t°c X§f�ÒgN¢x � Ïdi�Q {Y|M|M|CÕ Q � |M|M| Q � i b ] c LOenZVfhNDXGPDS×Ö
ikÏ � xØ]DKMmÙX�NEKMaÙKMmnaÓ`;L§L§NEaV`;KYfhN [ sÑNoÚ�NE]DZVfhNRÛ [ NEPª] c m5f�KM`;mV`;m Ô KMP�PhNEL�Ü [ s [ KMm Ô ZnK Ô N c X
x � ÏdiONoÚ�NE]DZgf�KYÜ [ N
Û [ NEPESdikÏ � xÝ`;P�K§P�N [ t � ] c m5f�KM`;mgNEa²PhskPhfhNEL t°c X�XGZVmnmV`;m Ô f�ÒgNEPhN�eVX cMÔ XGKML§P.KMmVa¢] c m5f�KM`;mVPRK§agNDÜnZ ÔMÔ NDXjKMmVa
`;m5fhNDX t KM]oNTf c K t ND^ c e¯NDXGKYf�`;m Ô P�s�PhfhNEL�PhNDX�rk`;]oNEPDS

Þ ÒVN
KYX7]GÒV`lfhNE]of�ZVX�N cMt f�ÒVN
x � Ïdiß] c LOenZVfhNDXGPÁ`;PÁP�`;L§e [ N²KMmnaàX�N Ô Z [ KYXE}R^.ÒV`;]7ÒàL§KYáMNEP¸`lf�NEKMPhsßf c
[ NEKYXGm¢KMmVa¢ZVmnagNDXGPhf�KMmVa~S Þ ÒgN?enX c ]oNEPGP c XR] c m5f�KM`;mVP � { Ô NEmgNDX7K [ � enZgX�e c PhN?XGN Ô `;PhfhNDXGPRKMmVa¸K§^dN [;[ � aVNEP�` Ô mgNEa
`;mVP�fhXGZV]of�` c m�PhNDf�f�ÒnKYf.L§KYáMN�`;f�K�eVX c en`lf�` c ZVPdf�KYX Ô NDf t°c X Ô NEmgNDXGKYf�`ºm Ô ] c agN¥`;mÁK§] c L§en` [ NDXES

â c ^dNDrMNDXE}Vf�ÒgN c Ü5rk` c ZVPdã�ZgNEPhf�` c mä`;PDåv^.Ò5sÓZVPhNjK�P�`ºL�Z [ KYf c X�^.ÒgNEmäL§KMm5sOe¯N c e [ NRÒnKErMN�^ c XGá�Phf�KYf�` c mVP
f�ÒVKYf.] c m5f�KM`;m²K§ÒVKYXGag^
KYX�NM}nKMmna¸ÒgNEmV]oN¥PG` Ô mV`×ÛF]DKMm5f [ s t KMPhfhNDXA}n`;LOe [ NELONEmCf�KYf�` c m cMt f�Òn`;P�] c LOenZVfhNDX�æ
ç�mgN
X�NEKMP c my`;P.f�ÒVKYf.f�ÒgNEP�N¥^ c X�á�P�f�KYf�` c mVPjKYX�N�m c f Ô NEmgNDXGK [;[ s�KAr*KM` [ KYÜ [ NMS��jm c f�ÒgNDXRX�NEKMP c my`;P�f�ÒVKYfRf�ÒgNEPhNÑL§K �
]GÒn`;mgN§^.` [;[ m c f¥e¯NDXGPG`;Phf t°c X�L§KMm5sµsMNEKYXGPÑÜ¯NE]DKMZVPhN cMt f�ÒVNÓXGKYen`ºaµeVX cMÔ X�NEPGP [ NEKMan`;m Ô f c mgND^èKMmVa t KMPhfhNDX
] c LOenZVfhNDXGPDSRqjm t°c X�f�ZVmVKYfhN [ sM} f�ÒVN¥fhX�NEmVay`;PRf c L§KYáMNÑ] c L§enZgfhNDXGP t KMPhfhNDX�Ü5sÁNoÚkNE]DZgf�`;m Ô PhNDrMNDXGK [ `;mnPhfhXGZV] �
f�` c mVPÑ] c mV]DZgXGX�NEmCf [ sM}v^RÒV`;]GÒ�L§KYáMNEPÑf�ÒgNE`lX�KYXG]GÒV`;fhNE]of�ZgX�N�L c X�NÙan`×éÙ]DZ [ f?f c ZVmVaVNDXGPhf�KMmVa¹KMmna�eVX cMÔ XGKMLÁS
Þ ÒgNTx � Ïdi�KYXG]7ÒV`lfhNE]of�ZgXGN¥L§KEs�Ü¯N�f�ÒgNTNDen`;f c LON cMt K§P�`;LOe [ NM}�] [ NEKMm¢Q � i b L§KM]7ÒV`;mgNMS

� mÙKManaV`lf�` c m©}5P�`;LÑZ [ KYf c XGPê]DKMmÙenX c rk`;agN.K�Ü¯NDfhfhNDX
NEmCrk`lX c mVL§NEmCf t,c X [ c ^ � [ NDrMN [ enX cMÔ XGKML§L§`ºm Ô f�ÒVKMmäKMm
KM]of�ZVK [ L§KM]7ÒV`;mgNÑÜ¯NE]DKMZVPhNÑf�ÒgNDs¸]DKMmµagNDfhNE]of?L c X�NÑNDX�X c XGPjKMmVa²eVX c r�`;aVN�L c X�N t NEKYf�ZgX�NEPjf�ÒVKMm
KMm
KM]of�ZVK [
] c LOenZVfhNDXESªë c X4NoÚgKMLOe [ NM}nikÏ � xìÒnKMPdK�í � ^.`;mVa c ^î`;mCfhNDX t KM]oN�f�ÒVKYf4`;PêÜ¯NDfhfhNDXdf�ÒnKMmäL c Phf4agNDÜnZ ÔMÔ NDXGP t°c X
f�ÒgN¥KM]of�ZnK [ L§KM]GÒn`;mgNEPDS
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ë `;mVK [º[ sM}VP�`;LÑZ [ KYf c XGP4KYXGN�KMm¸ZVP�N t Z [ f c�c [ t°c XRP�f�ZVagsk`;m Ô ] c LOenZgfhNDX7P.KMmVaÁf�ÒVNTeVX cMÔ XGKMLÓP4f�ÒVKYf.X7ZVm c m
f�ÒgNELÁS��dNE]DKMZVPhNjf�ÒgNDsOKYX�Nj`;LOe [ NEL§NEmCfhNEa§`ºm§P cMt f9^
KYX�NM}gm c f�P�` [ `;] c m©}Mf�ÒgNDs§]DKMmÓÜ N.NEKMP�` [ s�L c aV`×ÛnNEaOf c KMaVa
mgND^ `ºmVPhfhXGZV]of�` c mVPD}�ÜnZV` [ a�mgND^�Phs�P�fhNEL§P�P�ZV]7Ò¸KMP.LÑZ [ f�`;eVX c ]oNEP�P c XGPD} c XRPG`;LOe [ sÓf c ] c [;[ NE]of�aVKYf�KkS
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Þ ÒgNªx � Ïdi�KYXG]7ÒV`lfhNE]of�ZgXGNM} [ `láMN%f�ÒVKYf cMt L c PhfWQ � i b ] c LOenZgfhNDX7PD}*`ºP©aV`×éÙ]DZ [ f f c eVX cMÔ XGKML�aV`lX�NE]of [ sRÜ¯NE]DKMZVPhN
cMt `lf�P4agN [ KAsMNEa¸ÜVXGKMmn]GÒgNEPD}gagN [ KEsMNEa [ c KMaVPD}gKMmVaÁX�NEP�fhXG`;]ofhNEaÁKMaVagXGNEP�P4L c agNEPDS Þ ÒV`ºPdan`×éÙ]DZ [ f(sÓ`;P
f c [ NDX7KYÜ [ N
P�`;mn]oN¥f�ÒgNEPhNO] c LOeFZgfhNDXGPj^êNDXGNÑagNEPG` Ô mgNEa²f c Ü¯NÑeVX cMÔ XGKMLÓLONEa²`ºm²ÒV` Ô Ò � [ NDrMN [v[ KMm Ô ZVK Ô NEP�KMmVa
P c eVX�NEPhNEm5f
KMm `;mCfhNDX t KM]oNäagNEP�` Ô mgNEa t,c XÑ] c LOen` [ NDXGPD} m c f¥eVX cMÔ XGKML§LONDXGPES�� ÔMc�c a�enKYXGf cMt f�ÒgNä] c LOe [ NoÚg`lf9s
X�NEPGZ [ f�P
t X c L�agN [ KAsMNEa¹`;mVPhfhX7ZV]of�` c mVPDST�'&)(+*-,/.)(0&21+34,�57698
f�KYáMNEPTf(^ c ]osk] [ NEP�f c NoÚkNE]DZgfhNMS � m²f�ÒVN§PhNE] c mVaµ]osk] [ NM}
f�ÒgNT`;mnPhfhXGZV]of�` c mÁ`ºL§LONEaV`;KYfhN [ s t,c [º[ c ^.`ºm Ô f�ÒgN?ÜVXGKMmV]7ÒÁNoÚkNE]DZgfhNEPDS Þ ÒV`;P
`;mVPhfhX7ZV]of�` c m�]DKMm¸e¯NDX t°c XGL ZVPhN t Z [
^ c X�á�f�ÒVKYf.m c XGLÓK [;[ s§^ c Z [ a¸ÒnKErMNTÜ¯NDNEm¸a c mVN?Ü N t°c X�N?f�ÒgN¥ÜVXGKMmV]7Ò c X.`lf�]DKMm¢Ü NTK;:=<�>@? m cÓc e NDX7KYf�` c m7A7S
ik`;LÓ` [ KYX [ sM}�&$(9*B,/.)(C&D*BEF,�&/GÑf�KYáMN�f9^ c ]os�] [ NEPRP c f�ÒgNÑ`;mVPhfhXGZn]of�` c m¢`;LÓLONEaV`;KYfhN [ s t°c [;[ c ^R`;m Ô K [ c KMa²]DKMmnm c f
ZVPhN?f�ÒVNTr*K [ ZgN [ c KMagNEa t X c L LONEL c X�sMS

x � Ï
i²^.`;PhN [ s¢]GÒ c�c PhNOf c Òn`;agNÑf�ÒV`;P�] c LOe [ NoÚg`lf(s¢Ü�s²`;LOe [ NELONEm5f�`;m Ô K2HJIK3MLON=,/*�PQ,�6+8)IR5"(§^R`lf�Òyf�ÒgNE`lX
KMP�PhNEL�Ü [ NDXAS Þ ÒV`;P
rk`lX�f�ZVK [ ] c L§enZgfhNDX.KYeVe¯NEKYXGP
f c ÒVKErMN�m c m � agN [ KAsMNEa¸ÜVX7KMmV]GÒgNEP.KMmVa [ c KMaVP�KMmna¸KOXG`;]7ÒgNDX
`;mVP�fhXGZV]of�` c m
PhNDf?f�ÒVKMm¹f�ÒgN§KM]of�ZVK [ ÒnKYXGag^
KYX�NMS Þ ÒgNOKMP�PhNEL�Ü [ NDXS3C(CE/3UT),�5=IBVW(MG@?°X�NEKYX�XGKMm Ô NEPMA�`;mVPhfhX7ZV]of�` c mVP
f c Û [;[ f�ÒgN§aVN [ KEsyP [ c f�PDS � fTK [ P c P�`;LÑZ [ KYfhNEP�f�ÒgN§KMaVan`lf�` c mVK [ }7XYGF(9N=&�E/IK5ZG9LO3[N=6FLOIUE/5ZGÙÜ5s Ô NEmgNDXGKYf�`;m Ô PGÒ c X�f
PhNEã�ZgNEmV]oNEP cMt KM]of�ZVK [ `;mVPhfhX7ZV]of�` c mVPDS
�ds agN t KMZ [ fD}.ikÏ � x P�`;LÑZ [ KYfhNEPÓf�ÒgN¢X7`;]GÒgNDXA}drk`lX�f�ZnK [ L§KM]GÒn`;mgNMS � fÙ]DKMmßK [ P c PG`;L�Z [ KYfhN¸f�ÒgNyKM]of�ZVK [

ÒVKYXGaV^dKYX�NMS u Nµ^R` [;[ aVNEP�]oXG`lÜ¯N¢f�ÒVNyrk`lX�f�ZnK [ L§KM]7ÒV`;mgNµKMmVa c m [ s L§NEmCf�` c mî`ºm enKMPGP�`;m ÔÉt NEKYf�ZgXGNEP�f�ÒVKYf
a c m c f¥Ü¯N [ c m Ô f c f�ÒgNäKM]of�ZVK [ ÒVKYXGag^
KYX�NMS � m a c `;m Ô P c } ^êN�KYX�N t°c [;[ c ^.`;m Ô f�ÒVNÙ] c m5rMNEmCf�` c m cMt x � Ï
i
KMP�PhNEL�Ü [ s [ KMm Ô ZVK Ô N.enX cMÔ XGKML§LONDX7P\? KMmVaä] c LOen` [ NDXGP[A7}5^.Ò c X c Zgf�`;mgN [ sÑf�KYáMN?KMagrYKMmCf�K Ô N cMt f�ÒgNRNoÚ�fhNEmnagNEa
L§KM]7ÒV`;mgNMS � mVPhfhXGZn]of�` c mVP4L§KYX�áMNEa¢^.`lf�ÒÁK§anK ÔMÔ NDX]?_^FAdKYX�N¥enPhNEZVa c `ºmVPhfhXGZV]of�` c mVPDS
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ikÏ � x eVX c r�`ºagNEP�KÓPG`;LOe [ N?fhNDX7L§`;mVK [ KMmna¢KOí � ^.`;mVa c ^�`ºmCfhNDX t KM]oNMSg� c f�Ò¢eVX c rk`;agNTNEã�ZV`lrYK [ NEm5f t ZnmV]of�` c m �
K [ `lf(sM}VÜnZgf
f�ÒgN¥í `;m5fhNDX t KM]oN¥`;P Ô NEmVNDXGK [;[ sÙNEKMP�`lNDX.f c ZVPhNTKMmVa¸L c X�NT`;m t°c XGL§KYf�`lrMNMS
h >�iFjÀ}�f�ÒgN
fhNDXGL§`;mnK [ rMNDXGPG` c m©}RKMmnalk h >�iFj~}.f�ÒgN²í rMNDXGP�` c m~}RÒVKArMNµf�ÒgN t°c [;[ c ^.`;m Ô ] c L§L§KMmVa � [ `;mgN

c eVf�` c mnPDå
m/n=o)pfqig`;L�Z [ KYfhNÓK¸ÜFKYX�NÓx � Ï
i¹L§KM]7ÒV`;mgNÓ^.`lf�Ò c Zgf¥enPhNEZVa c `ºmVPhfhXGZV]of�` c mVP c X�f�ÒgNäKMaVaV`lf�` c mVK [ KMaVagXGNEP�P�`;m Ô

L c agNEP�eVX c rk`;agNEa�Ü�säf�ÒgN¥KMP�PhNEL�Ü [ NDXAS � LOe [ `lNEP m�r�s i q)t S
m$o h j ig`;L�Z [ KYfhN?f�ÒgN?rk`lX�f�ZVK [ x � Ï
i�L§KM]7ÒV`;mgN?eVX c rk`;agNEa�Ü�sÙf�ÒgN�KMP�PhNEL�Ü [ NDXES Þ Òn`;P
`;P4f�ÒgNTagN t KMZ [ fDS
m :=< t$pZo >p c m c f [ c KMa¹f�ÒgNäPhf�KMmVaVKYXGa�fhXGKYeÉÒnKMmVa [ NDXES Þ ÒV`ºP?fhXGKYeÉÒnKMmVa [ NDX¥ÒnKMP¥f(^ cyt ZnmV]of�` c mVP?f�ÒnKYf�LÑZVPhf

Ü¯NäKMP�P�ZVLONEa�Ü5s
f�ÒgNäZVPhNDXFu P�eVX cMÔ X7KMLÁS¸ë `lXGPhfD} `lf¥ÒVKMmna [ NEPTfhX7KYenPDS u ÒVNEmÉK¢fhXGKYe c ]D]DZgXGPE}%ikÏ � x
v�ZVLOeFPÀf c [ c ]DKYf�` c m | Ú �Y|M|M|M|M|2�Y| }�^RÒV`;]GÒÑP�Ò c Z [ a�] c m5f�KM`;mO] c agN
f c PhNDX�rk`;]oN
f�ÒgNêNoÚg]oNDeVf�` c m~SªikNE] c mVa©}
f�Òn`;PjÛ [ N�] c mCf�KM`ºmVPTPhf�KYX�f�ZVe¹] c agN�f�ÒVKYfT`ºmCr c áMNEP¥f�ÒgN�X c Zgf�`;mgNwj o iW:©S u `;f�Ò c Zgf?f�ÒgN�fhXGKYe�ÒnKMmVa [ NDXE}
NoÚkNE]DZgf�` c m¢Ü¯N Ô `;mVP4KYf�f�ÒgNT`ºmVPhfhXGZV]of�` c m [ KYÜ¯N [ NEa h tZo�pxt S

m�t$pZo >U c KMa¸f�ÒgNTP�f�KMmVaVKYXGaÁfhX7KYe¢ÒVKMmVa [ NDXES Þ ÒV`;P4`;P
f�ÒVN¥agN t KMZ [ fDS
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m :=< r�s i q�tÏ�XG`;m5f�KOLONEP�P�K Ô N�^.ÒgNEmÁKMm¢NoÚk]oNDeVf�` c m c ]D]DZVXGPDS Þ Òn`;P
`;P
f�ÒgN¥agN t KMZ [ fDS
m)r�s i q)tp c m c f�eVXG`;m5f4K§LONEP�PGK Ô N¥KYf.KMm¸NoÚg]oNDeVf�` c m~S
m :=< j o >x> q � i�<p�`;PGKYÜ [ N?f�ÒgNTLONEL c X�s � LÓKYeVe¯NEa � ç t KM]D` [ `;f9s@? PhNDNÑi�NE]of�` c m � A7S
m j o >$> q � i�<

�êmVKYÜ [ N�f�ÒgN�LONEL c X�s � L§KYeVe¯NEa � ç t KM]D` [ `lf9s2? PhNDN�i�NE]of�` c m � A7SêÏªX cMÔ XGKML§P4f�ÒVKYfRZVPhN¥ikÏ � x Phs�PG]DK [;[ P
? P�NDN�i�NE]of�` c m z S � A
f c X�NEKMa t X c L f�ÒgN?fhNDXGL§`;mnK [ P�Ò c Z [ aÁm c f�K [ P c ZVP�NTLONEL c X�s � L§KYeVe¯NEa � çÑS

m�� i�� qU c KMa¢KMmVa¸NoÚ�NE]DZgfhN¥f�ÒgN¥KMP�PhNEL�Ü [ s�] c agNT`;m�f�ÒgN?Û [ NMS
m$q k q��WsZtfqU c KMa¢KMmVa¸NoÚ�NE]DZgfhN¥f�ÒgN¥] c agNT`;mÁf�ÒgNTx � ÏdiäNoÚkNE]DZgf�KYÜ [ NTÛ [ NQ,	�KE/NZL7S
m h�h q�
 h i
� q i�NDf�P¸f�ÒgN¹`;mV`lf�`ºK [ PG`��DN cMt L§NEL c X�sàPhN Ô LONEm5f G+(�Tßf c Ü¯N G[I VJ(�Ü�s5fhNEPDS Þ ÒgN¹LONEL c X�s

P�N Ô LONEmCf�PÙKYX�N¸mVKMLONEa~å tZq k t } � o�tZo } h tZo���� } �xtZq k t }�KMmVa � � o)tZo S�ë c X§NoÚgKMLOe [ NM}êf�ÒgNÁenKM`lX cMt
KYX Ô ZVLONEm5f�P m h � o�tZo�������������� Phf�KYX�f�P�f�ÒVN¥ZVPhNDX�aVKYf�KÙPhN Ô LONEm5f.KYf { } |M|M| } |M|M| Ü�s5fhNEPDS

m � h q�
 h i�� q i�NDf�PRf�ÒgN [ `;L§`lf c myÒ c ^ [ KYX Ô N�LONEL c XGs¸PhN Ô LONEm5f GF(_T¢]DKMm Ô X c ^ f c Ü¯NQGMIBVW(ÑÜ�s5fhNEPDS Þ ÒgN
L§NEL c X�sÁPhN Ô LONEm5f�P�f�ÒVKYfR]DKMm Ô X c ^ KYX�NMå � o)tfo } h tZo���� }kKMmna � � o)tfo S
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Þ ÒgN?fhNDX7L§`;mVK [ `;m5fhNDX t KM]oNd? h >�iFj�AêenX c rk`;agNEP
f�ÒgN t,c [;[ c ^.`;m Ô ] c L§LÓKMmVaVPDå
q k=i t

�ªÚk`;f4f�ÒgN¥P�`;LÑZ [ KYf c XAS
pZq$o �54 � i�� q 4Q.NEKMa76�* ( cMt KMP�P�NEL¥Ü [ s [ KMm Ô ZVK Ô NÁ] c L§LÓKMmVaVP�`;m5f c ikÏ � x u P�LONEL c X�sMS �0t f�ÒgNäÛ [ NäÒVKMP�K [ X�NEKMags

Ü¯NDNEmyX�NEKMa
`;m5f c igÏ � x�} f�ÒgN�Phs�P�fhNEL PGÒ c Z [ a¢Ü N�] [ NEKYX�NEa ? PhNDN pZq iW:"i t i o �Zi
� q }nÜ N [ c ^\A c X Ô [ c ÜnK [P�s�L�Ü c [ P
^.` [;[ Ü¯NTLÑZ [ f�`le [ s§agNoÛFmgNEa©S
�$< o �54 � i�� q 4iks�m c m5skL t,c X pfqxo � S
q k q��JsZtZq 4 o,8 < sft 4Q.NEKMa¸f�ÒgNTx � ÏdiäNoÚkNE]DZgf�KYÜ [ NTÛ [ N ,	�KE/NZL
`;mCf c ikÏ � x�u P.LONEL c X�sMS
p)s ::9 o ��� p�;ikf�KYX�f�XGZVmVmV`ºm Ô KyeVX cMÔ XGKML¸S �(t f�ÒgN c eVf�` c mVK [ KMaVagXGNEP�PD,�&�&/3
`;PÑeVX c r�`;aVNEa©}%f�ÒgN�eVX cMÔ XGKML P�f�KYX�f�P

KYf�f�ÒVKYfOKMaVaVX�NEP�PDS�çjf�ÒgNDXG^.`;PhNM}%f�ÒgNäeVX cMÔ X7KML P�f�KYX�f�POKYf�f�ÒgN Ô [ c ÜnK [ PhskL¥Ü c [ h tZo�pxt } ^.Òn`;]GÒ `;P
aVNoÛFmgNEaäÜ5sÙf�ÒgN?agN t KMZ [ fdfhXGKYe¸ÒVKMmVa [ NDXêf c ]DK [;[ f�ÒgN�X c ZVf�`;mgN�KYfdf�ÒVN Ô [ c ÜnK [ PhskL¥Ü c [ j o iJ:ä^.`lf�Òäf�ÒgNZnP�ZVK [ x � Ï
i�]DK [;[ `;m Ô ] c m5rMNEm5f�` c m©S

h tfq >:9�< ;ikfhNDe¸f�ÒgNTeVX cMÔ XGKML t°c X>= ? aVN t KMZ [ fDå z A
`;mVPhfhX7ZV]of�` c mVPDS%Ï�XG`;m5f
`ºmVPhfhXGZV]of�` c mVP
KMP�f�ÒgNDs�NoÚkNE]DZgfhNMS
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� </: t iW: s=qb
c mCf�`;m�ZgN?eVX cMÔ XGKML NoÚkNE]DZgf�` c m¸^R`lf�Ò c Zgf4PhfhNDeVeF`;m Ô S
> p iW: t�� <Ï�XG`;m5f4X�N Ô `;PhfhNDX =µS
> p iW: t���� <Ï�XG`;m5f�� c KYf�`;m Ô e c `;m5f
X�N Ô `;PhfhNDX =µS
> p iW: t o ��� pÏ�XG`;m5f4f�ÒgNT] c m5fhNEmCf�P cMt LONEL c X�s�KYf.KMaVagXGNEP�P�,�&�&�35S
> p iW: t h�� jÏ�XG`;m5f�f�ÒVN¸] c mCfhNEm5f�P cMt f�ÒgN¸PhskL¥Ü c [ f�KYÜ [ NM}ê`®S_NMSl}�f�ÒgNÁKMaVagXGNEP�PhNEP cMt f�ÒVN Ô [ c ÜnK [ ?°ÜnZgfOm c f [ c ]DK [ A

P�s�L�Ü c [ PDS
pZq iW:�i t i o �fi�� qb [ NEKYX�f�ÒgN¥L§NEL c X�s�KMmVaÁX�N Ô `;P�fhNDXGPDS
nZpfqxo�� >Y<ZiW: t o ��� pikNDfdK¥ÜVX�NEKYá�e c `ºmCf�KYf
KMaVagXGNEP�P ,�&)&/35S ,�&�&/3�]DKMmÙÜ¯N�NE`;f�ÒgNDXdK�LONEL c X�s§KManagX�NEP�P c XdP�s�L�Ü c [ `;] [ KYÜ¯N [ S
� q � q�tZq o ��� ppjN [ NDfhNÑK [;[ ÜVX�NEKYá�e c `;m5f�P4KYf.KMaVagX�NEPGP�,�&�&/3�S
�Zi h t UW`;Phf�K [;[ ÜnX�NEKYá5e c `;m5f�PDS
8 Q.NEPhf cMt [ `;mVNj`;P.KMm¸KMP�PhNEL�Ü [ s�`;mVPhfhX7ZV]of�` c mäf�ÒVKYf.`;P.Phf c X�NEa¸`;mÁL§NEL c X�sMS
9/:*� ; � mgND^ [ `;mgNjX�NDNoÚkNE]DZgfhNEP.enX�NDr�` c ZVP4] c L§L§KMmVa~S
�

Ï�XG`;m5f�KOÒgN [ e¸LONEPGP�K Ô NMS
x c Phf�] c L§L§KMmVaVP�]DKMm�Ü¯NÓKYÜnÜVX�NDrk`;KYfhNEa¹f c f�ÒgNE`lX�ZnmV`;ã�ZgN�eVX�NoÛVÚµNMS Ô Sl} q kn} pfq } �V} p�s } h }�>¯SÁx c X�N

aVKMm Ô NDX c ZVP�] c L§L§KMmnaVPD}VP�ZV]7Ò¸KMP pZq iJ:"i t i o �Zi
� q }CX�NEã�ZV`lX�N?K [ c m Ô NDX�eVX�NoÛnÚ S

������� � �	��
 $�&
�
��� +-&/.0 �"�12'�3	 
Þ ÒgNRí rMNDXGP�` c m cMt igÏ � x�}fk h >"i+jÀ} [ c�c ákPêaV`�� NDX�NEm5fD}�ÜnZgfêPGÒ c Z [ a c e NDX7KYfhNj`;mÙf�ÒgN�P�KMLON�L§KMmVmgNDX
KMP h >"iFj~SÞ ÒgN4íà^.`ºmVa c ^ ÒnKMP%ÛnrMN�eFKMmgNEP ? PhNDNRëv` Ô ZgX�N z A7S Þ ÒVN4f c eÓenKMmgNRaV`;Phe [ KEskPWf�ÒVN.] c mCfhNEm5f�P cMt f�ÒgN�X�N Ô `;P�fhNDXGPDS
� f�`;P�] c m5f�`;m5ZnK [;[ sÙZVe¯anKYfhNEa©}kNoÚk]oNDeVfR^.ÒV` [ NjKOenX cMÔ XGKML `;P
X7ZVmVmV`;m Ô S

Þ ÒVNTmgNoÚ�f.enKMmgNT] c m5f�KM`;mVP4f�ÒgN¥ÜnZgfhf c mVP4f�ÒnKYf.] c mCfhX c [ f�ÒgN¥P�`ºL�Z [ KYf c XEå
��� $ .
�ªÚk`;f t X c L f�ÒgNTP�`;LÑZ [ KYf c XES
)�� '��
Q.NEKMa¢K§P c ZgXG]oN c X.NoÚkNE]DZgf�KYÜ [ N�Û [ NT`;m5f c LONEL c X�sMS
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PC    = 00000000  EPC  = 00000000  Cause  = 0000000  BadVaddr = 00000000
Status= 00000000  HI   = 00000000  LO     = 0000000

R0 (r0) = 00000000  R8  (t0) = 00000000  R16 (s0) = 0000000  R24 (t8) = 00000000
R1 (at) = 00000000  R9  (t1) = 00000000  R17 (s1) = 0000000  R25 (s9) = 00000000
R2 (v0) = 00000000  R10 (t2) = 00000000  R18 (s2) = 0000000  R26 (k0) = 00000000
R3 (v1) = 00000000  R11 (t3) = 00000000  R19 (s3) = 0000000  R27 (k1) = 00000000
R4 (a0) = 00000000  R12 (t4) = 00000000  R20 (s4) = 0000000  R28 (gp) = 00000000
R5 (a1) = 00000000  R13 (t5) = 00000000  R21 (s5) = 0000000  R29 (gp) = 00000000
R6 (a2) = 00000000  R14 (t6) = 00000000  R22 (s6) = 0000000  R30 (s8) = 00000000
R7 (a3) = 00000000  R15 (t7) = 00000000  R23 (s7) = 0000000  R31 (ra) = 00000000

FP0     = 0.000000  FP8      = 0.000000  FP16     = 0.00000  FP24     = 0.000000

FP6     = 0.000000  FP14     = 0.000000  FP22     = 0.00000  FP30     = 0.000000
FP4     = 0.000000  FP12     = 0.000000  FP20     = 0.00000  FP28     = 0.000000
FP2     = 0.000000  FP10     = 0.000000  FP18     = 0.00000  FP26     = 0.000000

quit load run step clear set value

print breakpt help terminal mode

SPIM Version 3.2 of January 14, 1990

Text Segments

xspim

Register
Display

Control
Buttons

User and
Kernel
Text
Segments

SPIM
Messages

General Registers

Double Floating Point Registers

Single Floating Point Registers

Data Segments

Data and
Stack
Segments

[0x00400000] 0x8fa40000 lw R4, 0(R29)  []
[0x00400004] 0x27a50004 addiu R5, R29, 4 []
[0x00400008] 0x24a60004 addiu R6, R5, 4 []
[0x0040000c] 0x00041090 sll R2, R4, 2
[0x00400010] 0x00c23021 addu R6, R6, R2
[0x00400014] 0x0c000000 jal 0x00000000 []
[0x00400018] 0x3402000a ori R0, R0, 10 []
[0x0040001c] 0x0000000c syscall

[0x10000000]...[0x10010000] 0x00000000
[0x10010004]  0x74706563  0x206e6f69  0x636f2000
[0x10010010]  0x72727563  0x61206465  0x6920646e  0x726f6e67
[0x10010020]  0x000a6465  0x495b2020  0x7265746e  0x74707572
[0x10010030]  0x0000205d  0x20200000  0x616e555b  0x6e67696c
[0x10010040]  0x61206465  0x65726464  0x69207373  0x6e69206e
[0x10010050]  0x642f7473  0x20617461  0x63746566  0x00205d68
[0x10010060]  0x555b2020  0x696c616e  0x64656e67  0x64646120
[0x10010070]  0x73736572  0x206e6920  0x726f7473  0x00205d65

ë ` Ô ZgX�N z åªí � ^.`;mna c ^ `ºmCfhNDX t KM]oNTf c igÏ � x�S
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" � &ikf�KYX�f�f�ÒgN?eVX cMÔ XGKML XGZnmVmV`;m Ô S
� .0 ��ig`;m Ô [ N � PhfhNDeÁf�ÒVX c Z Ô Ò¸KOenX cMÔ XGKMLÁS
3�)  �'�"
Q.NE`;mV`lf�`ºK [ `��DNjX�N Ô `;PhfhNDXGP c XRLONEL c XGsMS
�  �.���'*) �  
ikNDf�f�ÒgN?rYK [ ZgNT`;mÁKOXGN Ô `;PhfhNDX c XjLONEL c X�s [ c ]DKYf�` c m©S
� "
$ &/.
Ï�XG`;m5f4f�ÒgN?rYK [ ZgNT`;mÁKOXGN Ô `;PhfhNDX c X.L§NEL c X�s [ c ]DKYf�` c m©S
� "� �'���� � $�&/.
ikNDf c X.agN [ NDfhN�KOÜVX�NEKYá�e c `;mCf c X [ `;Phf4K [;[ ÜVXGNEKYá5e c `;m5f�PDS
	  )
�
Ï�XG`;m5f�KOÒgN [ e¸LONEPGP�K Ô NMS
.� �"
#%$�&('*)
QRKM`;PhN c XjÒV`;agN�f�ÒgNT] c mVP c [ NT^.`;mna c ^TS
# � �  
ikNDfjikÏ � x c e NDX7KYf�`;m Ô L c agNEPDS

Þ ÒVNTmgNoÚ�f4f(^ c enKMmgNEP�an`;Phe [ KAs§f�ÒgN¥L§NEL c X�s�] c mCfhNEm5f�PDS Þ ÒgN?f c e c mgN¥PGÒ c ^.P.`;mVPhfhXGZn]of�` c mVP t X c L f�ÒgN
ZVPhNDXRKMmVaÁáMNDXGmgN [ fhNoÚ�f.P�N Ô LONEmCf�PES�� Þ ÒgN�ÛFXGPhf t ND^ `;mVPhfhX7ZV]of�` c mVP4`;m�f�ÒVN?fhNoÚ�fjPhN Ô LONEm5fRKYX�N¥P�f�KYX�f�Zge¢] c agN
? h tZo)p$t A�f�ÒVKYf [ c KMaVP o�p 
�� KMmVa o)p�
�
 `ºmCf c XGN Ô `;PhfhNDXGP�KMmna¸`;m5r c áMNEP�f�ÒgN�j o iW:ÁX c Zgf�`;mgNMS

Þ ÒVN [ c ^êNDX cMt f�ÒgNEPhNjf9^ c enKMmgNEPdaV`;Phe [ KEskPªf�ÒgNjaVKYf�K�KMmnaÙPhf�KM]GáÙPhN Ô L§NEmCf�PDS � c f�ÒäenKMmVNEPêKYX�NjZge©aVKYfhNEa
KMP.K�enX cMÔ XGKML NoÚkNE]DZgfhNEPDS

Þ ÒVN.Ü c fhf c L enKMmgNR`ºPêZVP�NEaÓf c aV`;Phe [ KEsOLONEP�PGK Ô NEP t X c Lèf�ÒgN�P�`;LÑZ [ KYf c XES � fda c NEPdm c fdan`;Phe [ KAs c ZVfhenZgf
t X c L KMm NoÚkNE]DZgf�`;m Ô eVX cMÔ XGKMLÁS u ÒVNEm KµeVX cMÔ X7KML X�NEKMaVP c X§^�XG`lfhNEPE}d`lf�P � çØKYene NEKYX7P§`;m K¹PhNDeFKYXGKYfhN
^.`;mna c ^T}g]DK [;[ NEaÁf�ÒgN bdc mVP c [ NM}g^.ÒV`;]7Ò�e c enP�ZgeÁ^.ÒVNEmÁmgNDNEagNEa©S
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� [ f�Ò c Z Ô Ò�ikÏ � x t KM`lf�Ò t Z [º[ s�P�`ºL�Z [ KYfhNEPªf�ÒgNjx � Ïdi§] c LOenZgfhNDXE}k`lf�`ºP�K¥PG`;L�Z [ KYf c XêKMmVaÙ]oNDX�f�KM`;mÙf�ÒV`;m Ô PêKYX�N
m c fj`;agNEm5f�`;]DK [ f c f�ÒgN�KM]of�ZnK [ ] c LOeFZgfhNDXES Þ ÒVN¥L c Phf c Ü5rk` c ZVPRaV` �¯NDX�NEmV]oNEPRKYX�N�f�ÒnKYfR`;mVP�fhXGZV]of�` c mÁf�`ºL§`;m Ô
KMmVaÁf�ÒVN�LONEL c XGsäPhskPhfhNEL§PRKYX�N�m c f.`;agNEm5f�`;]DK [ SdigÏ � x a c NEP�m c fRP�`;LÑZ [ KYfhNT]DKM]7ÒgNEP c XRLONEL c XGs [ KYfhNEmV]osM}
m c X.a c NEP�`;f�KM]D]DZgXGKYfhN¥XGN �nNE]of�f�ÒgNTagN [ KEskP t,c X � c KYf�`;m Ô e c `;m5f c e¯NDXGKYf�` c mVP c XRL�Z [ f�`le [ `lNEP
KMmVaÁan`lr�`ºagNEPDS

�jm c f�ÒgNDX�P�ZgX�enXG`;PhN�?°^.Òn`;]GÒ c ]D]DZgX7P c m�f�ÒgN²XGNEK [ L§KM]7ÒV`;mgNyKMPÓ^dN [;[ A§`;P§f�ÒVKYfäK�eFPhNEZVa c `;mnPhfhXGZV]of�` c m
NoÚkenKMmVaVP§`ºmCf c P�NDrMNDXGK [ LÓKM]GÒV`;mVN¢`;mVPhfhX7ZV]of�` c mVPDS u ÒgNEm�P�`;m Ô [ N � PhfhNDeVen`;m Ôyc XÙNoÚkKMLÓ`;mV`;m Ô LONEL c X�sM}4f�ÒgN
`;mVP�fhXGZV]of�` c mVP f�ÒnKYfªs c ZÓPhNDNjKYX�N.P [ ` Ô ÒCf [ s�aV` �¯NDX�NEm5f t X c L f�ÒgN.P c ZgXG]oN�eVX cMÔ XGKMLÁS Þ ÒgN�] c X�XGNEPhe c mVagNEmV]oN4Ü¯N �
f9^dNDNEmOf�ÒgN
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bdc L§L§NEmCf�P
`;mÙKMP�PhNEL�Ü [ NDXdÛ [ NEP�Ü N Ô `ºmÓ^.`;f�ÒÓK�P�ÒVKYX�e � P�` Ô m ?
	ZA7S �ªrMNDXGs5f�ÒV`ºm Ô¥t X c Lèf�ÒgNjPGÒVKYX�e � P�` Ô m§f c f�ÒgN
NEmVa cMt f�ÒgN [ `;mgN?`;P4` Ô m c XGNEa©S

� agNEm5f�`×ÛnNDXGPvKYX�N4K�PhNEã5ZVNEmV]oN cMt K [ enÒnKMm5ZVL§NDXG`;]ª]7ÒVKYXGKM]ofhNDXGPD}�ZVmVagNDXGÜnKYXGP ? A7}2KMmnaÑa c f�P ? 8 ATf�ÒVKYf%a c m c fÜ¯N Ô `;mO^.`;f�ÒÓK¥m�ZVL�Ü¯NDXES%ç�e¯] c agNEP t,c Xd`;mVPhfhXGZn]of�` c mVPªKYX�NRX�NEPhNDX�rMNEaÙ^ c XGaVPªf�ÒnKYfdKYX�N & �*. rYK [ `;aÓ`;agNEm5f�`×ÛnNDXGPDS
UÀKYÜ¯N [ PdKYX�N�agNE] [ KYX�NEaÙÜ�s§enZgfhf�`;m Ô f�ÒgNEL KYf
f�ÒgNjÜ N Ô `ºmVmV`;m Ô?cMt K [ `;mgN t°c [;[ c ^êNEaÙÜ5sÙKÑ] c [ c m©} t°c X
NoÚkKML§e [ NMå
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KYX�N?NEmV] [ c P�NEa¸`;m�a c ZgÜ [ N � ã5Z c fhNEPw? 4 A7Sdi�e¯NE]D`;K [ ]7ÒVKYXGKM]ofhNDXGPR`;m�PhfhXG`;m Ô P t°c [;[ c ^àf�ÒgN b ] c mCrMNEm �

f�` c m©å
: q�
 �ZiJ: q � :
tZo/n ��t
r�s < tZq � 4
ikÏ � x P�Zgene c XGf�PdKÓP�ZgÜnPhNDf cMt f�ÒgNTKMPGPhNEL¥Ü [ NDX.aV`lXGNE]of�`lrMNEP4eVX c r�`ºagNEa�Ü5säf�ÒgN¥x � ÏdiäKMP�PhNEL�Ü [ NDXAå

84o �Zi 
 : :� [ ` Ô mÑf�ÒgN�mVNoÚ�f%aVKYf�ZVL c mOK {�� Ü5s�fhN4Ü c ZVmVaVKYXGsMSWë c XªNoÚgKMLOe [ NM} 8 o �fi 
 : � K [ ` Ô mVPvf�ÒgN�mVNoÚ�f rYK [ ZgNc mµK�^ c XGa
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 : � f�ZgXGmnP c � KMZgf c L§KYf�`º]OK [ ` Ô mVLONEm5f cMt 8��=o � � } 8�
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84o h � ixi h t$pikf c X�NTf�ÒgNTPhfhX7`;m Ô `;mÁLONEL c X�sM}VÜnZgf4a c m c f�m5Z [;[ � fhNDXGL§`ºmVKYfhN?`lfDS
84o h � ixi�� h txpikf c X�NTf�ÒgNTPhfhX7`;m Ô `;mÁLONEL c X�säKMmna¸m5Z [;[ � fhNDXGL§`ºmVKYfhN?`lfDS
8_n � tfq n � � 8�8�8�� n :ikf c X�NTf�ÒgN��µrYK [ ZgNEP�`ºmÁP�ZV]D]oNEP�P�`;rMNTÜ5s�fhNEP cMt LONEL c XGsMS
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m c f4`;LOe [ NELONEm5fêK [;[ cMt f�ÒgNEPhN�X�N Ô `ºPhfhNDXGPD}gP�`;mn]oNRf�ÒgNDsÙKYX�N?m c f cMt L�Zn]GÒ�ZVPhN�`;mäKÑPG`;L�Z [ KYf c X c X�KYXGNjeFKYX�f cMt
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ë ` Ô ZgX�N �gå Þ ÒVN�� o�s h q XGN Ô `;PhfhNDXES

]DZgX�XGNEmCf�Ün`lf�P�Ü¯NE] c LONOf�ÒVNOeVX�NDrk` c ZVPjÜn`lf�P?KMmVa
f�ÒVNOeVX�NDrk` c ZVPjÜn`lf�P�Ü¯NE] c LONOf�ÒgN c [ a²ÜF`lf�PDS Þ ÒgNO]DZgX�X�NEm5f
Ün`lf�P4KYXGNTÜ c f�Ò¸PhNDf�f c | ? `®S_NMSl}náMNDXGmgN [ L c agN?^R`lf�ÒÁ`;m5fhNDX�XGZgeVf�P4an`;P�KYÜ [ NEa�A7S

ë ` Ô ZgXGN �ÙaVNEP�]oXG`lÜ¯NEP�f�ÒVN¥Ün`lf�PR`;m¸f�ÒVN�� o/s h q X�N Ô `ºPhfhNDXGPDS Þ ÒgNTÛnrMN�> q : � iW: 
 iW: tZq)p$p)s > t Ün`lf�P.] c XGX�N �Phe c mVa¢f c f�ÒgN¥ÛnrMN�`;mCfhNDXGXGZgeVf [ NDrMN [ PDS.��ÜF`lf�Ü¯NE] c LONEP z ^RÒgNEm¢KMmy`;m5fhNDX�XGZgeVfRKYf�`;f�P [ NDrMN [ ÒVKMP c ]D]DZVX�X�NEa
ÜnZgfÑÒVKMP�m c f�Ü¯NDNEmÉPhNDXGr�`;]oNEa~S Þ ÒVN q k ��q > t i�<�: � < � q XGN Ô `;PhfhNDXO] c mCf�KM`ºmVPOK²] c agN t X c L f�ÒVN t°c [;[ c ^.`;m Ô
f�KYÜ [ NTaVNEP�]oXG`lÜn`ºm Ô f�ÒVN¥]DKMZVPhN cMt KMm¸NoÚg]oNDeVf�` c m~S
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x c Phf [ c KMaµKMmVa
Phf c XGN§`;mVPhfhXGZn]of�` c mVP c e¯NDXGKYfhN c m [ s c mµK [ ` Ô mVNEayanKYf�KkS���ã�ZVKMm5f�`lf9sy`;PS,/* I-T�5�(C&µ` t `lf�P
LONEL c XGs¢KMaVagX�NEPGPR`;PjKäL�Z [ f�`le [ N cMt `;f�PRP�` �DNÑ`;m²Ü�s5fhNEPDS Þ ÒgNDXGN t,c X�NM}©KäÒVK [ t ^ c X7a c ÜfvhNE]of?L�ZVP�fRÜ¯N�P�f c X�NEa
KYf�NDrMNEm¹KMaVagXGNEP�PhNEP�KMmVa
K t Z [º[ ^ c XGa c ÜfvhNE]of�LÑZVPhf�Ü¯N�Phf c X�NEaµKYf?KMaVagX�NEPGPhNEP�f�ÒVKYf?KYX�NOK�L�Z [ f�`le [ N cMt �gS
â c ^dNDrMNDXE} x � ÏdiäeVX c rk`;agNEP4P c LON�`;mVPhfhXGZn]of�` c mVP t,c XRL§KMmV`lenZ [ KYf�`;m Ô ZVmVK [ ` Ô mgNEa�aVKYf�KkS
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`;m5fhN Ô NDXMA7S
Þ ÒgN�`;L§L§NEaV`;KYfhN t,c X7L§P cMt f�ÒgNÁ`;mVP�fhXGZV]of�` c mVPÑKYX�N c m [ s `;mV] [ ZnagNEa t°c XOX�N t NDX�NEmV]oNMS Þ ÒgNäKMPGPhNEL¥Ü [ NDXO^.` [;[
fhXGKMmVP [ KYfhN¢f�ÒgNyL c X�N Ô NEmgNDXGK [ t,c XGL cMt KMmß`;mVPhfhXGZn]of�` c m�?°NMS Ô Sl} o ��� AO`ºmCf c f�ÒVNy`;LÓLONEaV`;KYfhN t°c XGL ?°NMS Ô Sl}
o ��� i�Ad` t f�ÒgNTPhNE] c mna¢KYX Ô ZVL§NEmCf.`ºP4] c mVPhf�KMm5fDS

o�n h
	 � q h t � 	"h p � � 1MG+E/* NfL�(
�=,�* NY(��Ï�ZVf4f�ÒgN¥KYÜnP c [ ZgfhN?r*K [ ZgN cMt f�ÒVN¥`;m5fhN Ô NDX t X c L X�N Ô `;PhfhNDX 	�h p � `;m�X�N Ô `ºPhfhNDX 	 � q h t S

o ��� 	 � q h t � 	"h p � � � � p ��� � &�&�IKLOIUE/5�����IOLK8 E/H/(+3��gE����
o ��� i 	 � q h t � 	�h p*� � ��� jxj � &�&/IOLOIOE�5��[P]P (0&/IO,�L�(�����IOLK8 E/H/(+3��gE����
o ��� s 	 � q h t � 	�h p*� � � � p �	� � &�&/IOLOIUE/5�����IOLK8xE/NZLgE/H/(+3��gE����
o ��� i s 	 � q h t � 	"h p � � ��� j$j � &�&/IOLOIOE�5��[P]P (0&/IO,�L�(�����IOLK8xE/NZLgE/H/(+3��gE����Ï�ZVf4f�ÒgN¥P�ZVL cMt f�ÒgNT`ºmCfhN Ô NDXGP t X c L X�N Ô `;PhfhNDX 	�h p*� � KMmna � p ��� ? c X � jxj�Aê`;m5f c X�N Ô `;P�fhNDX 	 � q h t S

o : � 	 � q h t � 	"h p � � � � p ��� � =� 
o : � i 	 � q h t � 	�h p*� � ��� jxj � =� !�[P;P (C&/IU,�L�(Ï�ZVf4f�ÒgN [ cMÔ `;]DK [ ��"jp cMt f�ÒgNT`ºmCfhN Ô NDXGP t X c L X�N Ô `;PhfhNDX 	"h p*� � KMmVa � p �	� ? c X � j$j"Aê`;mCf c XGN Ô `;PhfhNDX 	 � q h t S
� i 
 	"h p � � � 	"h p �	�  �IKHJIU&)(#����IOLK8 E/H/(+3��gE����
� i 
)s 	�h p � � � 	�h p*���  �IKHJIU&)(#����IOLK8xE/NZLgE/H/(+3��gE����
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`;myX�N Ô `;P�fhNDX � ikS$" c fhN§f�ÒnKYfT` t KMm c e¯NDXGKMmnay`ºP?mgN Ô KYf�`lrMNM}Àf�ÒVNOX�NEL§KM`;mVaVNDX�`ºP?ZVmVPhe¯NE]D`×ÛnNEa²Ü�s²f�ÒgNOx � Ï
i
KYXG]7ÒV`lfhNE]of�ZgX�N�KMmVa¸agNDe¯NEmVaVP c m¢f�ÒgNT] c mCrMNEm5f�` c mVP cMt f�ÒgN¥L§KM]7ÒV`;mgN c mÁ^RÒV`;]GÒ¢igÏ � x `;P
X7ZVm©S
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 	 � q h t � 	"h p � � � � p ���  �IRHWIO&)(#�%��IKLK8 E/H�(93&� E'��� �
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f c ^�X7`lfhN¥]GÒnKYXGKM]ofhNDXGPjf c f�ÒgN�fhNDXGL§`;mVK [ }gf�ÒgN¥]GÒnKYXGKM]ofhNDXGPj^.` [;[ KYene NEKYX c myikÏ � x u P
fhNDXGL§`ºmVK [ c XÓ] c mVP c [ NÁ^R`;mVa c ^TS�ç�mVNäNoÚg]oNDeVf�` c m f c f�ÒV`;P�XGZ [ Nä`;PO] c m5fhX c [ � b åª`lf§`;P�m c fOenKMP�P�NEa�f c f�ÒgN
eVX c ]oNEP�P c XA}2ÜnZgfª`;mnPhfhNEKMa§]DKMZVPhNEP
ikÏ � x f c Phf c eÙPG`;L�Z [ KYf�`;m Ô KMmVaOX�NDf�ZVXGm�f c ] c L§LÓKMmVa§L c agNMS u ÒgNEmÓf�ÒgN
eVX c ]oNEP�P c XdPhf c enP�NoÚ�NE]DZgf�`ºm Ô ? t°c XêNoÚgKMLOe [ NM}CÜ¯NE]DKMZVPhN�s c ZÙf9s�e¯NEaÓ] c m5fhX c [ � b c XêÜ¯NE]DKMZVP�N�f�ÒgNRLÓKM]GÒV`;mVN.ÒV`lf
KÙÜVX�NEKYá�e c `ºmCf[A7}¯f�ÒgNÑfhNDXGL§`;mnK [ `;PRX�NE] c mVmgNE]ofhNEa
f c ikÏ � x P c s c Zµ]DKMmyf9s�e¯NOigÏ � x ] c L§L§KMmVanPDS Þ c ZVPhN
LONEL c XGs � L§KYene NEa � çÑ} h >�iFj c X�k h >"i+j¢L�ZVP�f4Ü NTP�f�KYX�fhNEa¸^.`;f�Ò�f�ÒgN m j o >$> q � i�< �FK Ô SÞ ÒVNOfhNDXGL§`;mVK [ aVNDr�`;]oNÙ] c mVP�`;Phf�P cMt f(^ c `;mVagNDe¯NEmVagNEm5f?ZVmV`lf�PEå�K 3 (06[(9IKH/(+3ÁKMmVa¹K LO3 ,/5ZGMP]IOLUL�(93�S Þ ÒgN
X�NE]oNE`lrMNDX4ZVmn`lfªX�NEKMaVPd]GÒnKYXGKM]ofhNDXGP t X c L�f�ÒVNRáMNDs�Ü c KYXGaÙKMPdf�ÒgNDsÙKYX�N.f(s5e¯NEa©S Þ ÒVN.fhXGKMmVPGL§`lfhfhNDX
ZVmV`lfª^.XG`lfhNEP
]GÒnKYXGKM]ofhNDXGPdf c f�ÒgN.fhNDXGL§`;mVK [ u PªaV`;Phe [ KEsMS Þ ÒgN�f(^ c ZVmV`lf�P�KYX�N.] c LOe [ NDfhN [ sO`;mVagNDe¯NEmVagNEm5fDS Þ ÒV`;P%LONEKMmnPD} t°c X
NoÚgKMLOe [ NM}gf�ÒVKYfR]GÒVKYXGKM]ofhNDX7P.f(s5e¯NEaÁKYf�f�ÒgN¥áMNDs5Ü c KYXGa¸KYXGNTm c f.KMZgf c L§KYf�`º]DK [;[ s2cñNE]GÒ c NEa i c m¸f�ÒgNTaV`;Phe [ KEsMS
� mVPhfhNEKMa©}Vf�ÒVN?eVX c ]oNEP�P c XRLÑZVPhf Ô NDfjKMm¸`;mgeFZgf4]GÒVKYXGKM]ofhNDX t X c L f�ÒgNTXGNE]oNE`lrMNDXRKMmVa�XGN � fhXGKMmVP�L§`;f�`lf4f c NE]7Ò c
`lfDS

Þ ÒVNÑenX c ]oNEPGP c XTKM]D]oNEP�PhNEP¥f�ÒgNOfhNDXGL§`;mnK [ ZnP�`;m Ôät,c ZVXTLONEL c X�s � L§KYeVe¯NEa
agNDrk`;]oN�X�N Ô `;PhfhNDXGPE}ÀKMPTP�Ò c ^.m
`;mÙëv` Ô ZgX�N � S�chx²NEL c X�s � L§KYeVe¯NEa i LONEKMmVPêf�ÒVKYfdNEKM]GÒ�X�N Ô `ºPhfhNDXdKYene NEKYX7PêKMP
KÑPhe¯NE]D`;K [ LONEL c X�s [ c ]DKYf�` c m©SÞ ÒgN§Q.NE]oNE`lrMNDX b
c mCfhX c [ Q�N Ô `;PhfhNDX�`;PTKYf [ c ]DKYf�` c m | Ú�� � |M|M|M| � c m [ s²f(^ c¸cMt `lf�PTÜn`lf�P?KYX�NÓKM]of�ZnK [;[ s²ZnPhNEa©S
�
`lf | `;P
]DK [;[ NEa cñX�NEKMaVs i å�` t `lf4`;P c mgN?`lf4LONEKMmVP
f�ÒVKYf�KO]7ÒVKYXGKM]ofhNDXjÒVKMP4KYX�XG`lrMNEa t X c L f�ÒgN?áMNDs�Ü c KYXGa�ÜnZgf
ÒVKMPjm c fjsMNDfjÜ¯NDNEm²X�NEKMa t X c L�f�ÒgNÑX�NE]oNE`lrMNDX?aVKYf�KÙX�N Ô `;P�fhNDXES Þ ÒgN¥X�NEKMaVsÁÜn`lfR`ºP.X�NEKMa � c m [ s å�KYfhfhNELOeVf�Pjf c
^�XG`;fhN§`lfTKYX�NÙ` Ô m c X�NEa©S Þ ÒgNOX�NEKMags
Ün`lfT]7ÒVKMm Ô NEPÑKMZgf c L§KYf�`;]DK [º[ s t X c L �DNDX c f c¸c mVN§^.ÒgNEm¹K¢]GÒVKYXGKM]ofhNDX
`;P.f9s�e NEayKYf�f�ÒgN¥áMNDs�Ü c KYXGa©}¯KMmVay`lfR]7ÒVKMm Ô NEP�KMZgf c L§KYf�`;]DK [º[ s t X c L c mgNÑf c �DNDX c ^RÒgNEm¸f�ÒgN�]GÒnKYXGKM]ofhNDXT`;P
X�NEKMa t X c L f�ÒVNTX�NE]oNE`lrMNDXjaVKYf�KOX�N Ô `;P�fhNDXES
�
`lf c mgN cMt f�ÒVN§Q�NE]oNE`lrMNDX bdc m5fhX c [ Q.N Ô `;PhfhNDXT`;P ch`;m5fhNDX�XGZgenfRNEmVKYÜ [ N i S Þ Òn`;P.ÜF`lfjLÓKEs¢Ü¯N�Ü c f�ÒyX�NEKMa

KMmVaµ^.XG`lfhfhNEm
Ü�syf�ÒVNOeVX c ]oNEP�P c XES Þ ÒgN§`;m5fhNDX�XGZgeVf�NEmVKYÜ [ N§`;P?`;mV`;f�`;K [;[ s �DNDX c S �(t `lfT`;P?P�NDfTf c¢c mgNOÜ�s
f�ÒgN
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1 1

Interrupt
Enable

Ready

Receiver Control
(0xffff0000)

1 1

Interrupt
Enable

Ready

Transmitter Control
(0xffff0008)

Receiver Data
(0xffff0004)

8

Received Byte

Transmitter Data
(0xffff000c)

8

Transmitted Byte

Unused

Unused

Unused

Unused

ë ` Ô ZgX�N � å Þ ÒVNjfhNDX7L§`;mVK [ `;P
] c m5fhX c [;[ NEa�Ü�s t°c ZgX�agNDrk`;]oN�X�N Ô `;PhfhNDX7PD}gNEKM]GÒ cMt ^.ÒV`º]GÒ�KYeVe¯NEKYXGP
KMP�K�Phe¯NE]D`;K [
LONEL c XGs [ c ]DKYf�` c m¹KYf?f�ÒVN Ô `lrMNEm¹KMaVaVX�NEP�PDSÓç�m [ s¢K t ND^�Ün`lf�P cMt f�ÒgN§X�N Ô `;P�fhNDXGP?KYX�NÓKM]of�ZVK [º[ s²ZVP�NEa©å?f�ÒgN
c f�ÒgNDXGP.K [ ^dKAs�P.X�NEKMa¢KMP �DNDX c NEPRKMmVa¸KYX�N�` Ô m c X�NEa c m¢^�XG`lfhNEPDS
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eVX c ]oNEP�P c XA}kKMm�`;m5fhNDX�XGZVeVfê`;PdX�NEã�ZgNEPhfhNEa�Ü�s§f�ÒgN�fhNDXGLÓ`;mVK [ c m [ NDrMN [ �DNDX c ^.ÒgNEmgNDrMNDX4f�ÒgN�X�NEKMaVs§Ün`lf
`;P c mgNMS
ë c X�f�ÒgNä`;mCfhNDXGXGZgeVfTKM]of�ZVK [º[ sµf c Ü¯N§XGNE]oNE`lrMNEa�Ü�sµf�ÒgNÙeVX c ]oNEP�P c XE}%`;m5fhNDX�XGZgenf�PTL�ZnPhf¥Ü¯N§NEmVKYÜ [ NEa�`;m�f�ÒgN
Phf�KYf�ZVP.X�N Ô `;PhfhNDX cMt f�ÒgN�Phs�P�fhNEL�] c eVX c ]oNEP�P c X]? PhNDN�i�NE]of�` c m { A7S

çjf�ÒVNDX.Ün`lf�P cMt f�ÒgN¥Q�NE]oNE`;rMNDX bdc m5fhX c [ Q�N Ô `;PhfhNDX�KYX�N¥Znm5ZVP�NEa©å�f�ÒgNDsÁK [ ^
KEskPRX�NEKMa¢KMP �DNDX c NEPRKMmVa²KYX�N
` Ô m c XGNEaÁ`;mÁ^�XG`;fhNEPDS

Þ ÒVNÙPhNE] c mVa fhNDXGLÓ`;mVK [ aVNDr�`;]oNäX�N Ô `;P�fhNDXÑ`;P�f�ÒgN�Q�NE]oNE`lrMNDXOp�KYf�KµQ�N Ô `ºPhfhNDX ? KYfÑKMaVaVX�NEP�P | Ú � � |M|M| �$A7S
Þ ÒgN [ c ^ � c XGagNDXjNE` Ô ÒCfjÜn`lf�P cMt f�ÒV`ºP�X�N Ô `;P�fhNDXj] c m5f�KM`;myf�ÒgN [ KMPhf�]GÒVKYXGKM]ofhNDX?f(s5e¯NEa c myf�ÒgN¥áMNDs�Ü c KYXGa©}©KMmVa
K [;[ f�ÒVN c f�ÒgNDXjÜn`lf�P�] c m5f�KM`;m �DNDX c NEPDS Þ Òn`;P
X�N Ô `;PhfhNDXj`;P4X�NEKMa � c m [ s�KMmVa c m [ sä]7ÒVKMm Ô NEPRr*K [ ZVNT^.ÒgNEm¸KÓmgND^
]GÒnKYXGKM]ofhNDX�`;Pêf9s�e NEa c mÙf�ÒgNjáMNDs5Ü c KYXGa©SªQ.NEKMaV`;m Ô f�ÒgN�Q�NE]oNE`lrMNDX�p�KYf�K�Q�N Ô `;P�fhNDX
]DKMZnPhNEP
f�ÒgNjX�NEKMagsOÜn`lfd`;m
f�ÒgN¥Q.NE]oNE`lrMNDX b
c mCfhX c [ Q�N Ô `;PhfhNDX.f c Ü¯N?X�NEPhNDf�f c �DNDX c S

Þ ÒVNêf�ÒV`;XGaTfhNDXGLÓ`;mVK [ aVNDr�`;]oNdX�N Ô `;P�fhNDXv`;PWf�ÒgN Þ X7KMmVP�L§`lfhfhNDX bdc m5fhX c [ Q�N Ô `;P�fhNDXg? KYf%KMaVaVX�NEP�P | Ú � � |M|M|2� A7S
ç�m [ sRf�ÒgN [ c ^ � c X7agNDXÀf(^ c Ün`lf�P cMt f�ÒV`;P~X�N Ô `;PhfhNDXvKYX�NêZVP�NEa©}<KMmVa¥f�ÒgNDs�Ü¯NEÒVKErMNdL�ZV]7Ò [ `;áMNªf�ÒgN�] c X�XGNEPhe c mVaV`;m Ô
Ün`lf�P cMt f�ÒgNÙQ.NE]oNE`lrMNDX b
c mCfhX c [ Q�N Ô `ºPhfhNDXESD�
`lf | `ºP¥]DK [;[ NEa cñX�NEKMags i KMmVaÉ`;PTXGNEKMa � c m [ sMS �0t `;f¥`;P c mVNÓ`lf
LONEKMmVPRf�ÒgN�fhXGKMmVP�L§`;fhfhNDXj`;P.X�NEKMagsÁf c KM]D]oNDeVf?KÓmgND^ ]GÒnKYXGKM]ofhNDX t,c X c ZgfhenZVfDS �(t `lfj`;P �DNDX c `lfjLONEKMmVPRf�ÒgN
fhXGKMmVPGL§`lfhfhNDXÓ`;POP�f�` [;[ ÜnZVPhs c ZgfhenZgfhf�`;m Ô f�ÒgNÁeVX�NDrk` c ZVPO]7ÒVKYXGKM]ofhNDX Ô `;rMNEm f c `lfDS �
`lf c mgN¢`ºP ch`;mCfhNDXGXGZgeVf
NEmVKYÜ [ N i �À`lf?`;PjX�NEKMaVKYÜ [ NÑKMmVa
^.XG`lf�KYÜ [ NMS �0t `;f�`ºPjP�NDfjf cÁc mVNM}~f�ÒgNEmµKMmµ`;m5fhNDX�XGZgenf.^.` [º[ Ü¯NÑX�NEã5ZVNEPhfhNEa c m
[ NDrMN [ c mVNT^.ÒgNEmgNDrMNDX.f�ÒgNTX�NEKMagsäÜn`lf4`;P c mgNMS

Þ ÒVN4ÛFmVK [ agNDr�`º]oN�X�N Ô `;PhfhNDX
`;P�f�ÒgN Þ XGKMmVP�LÓ`lfhfhNDXêp�KYf�KÑQ�N Ô `;PhfhNDX ? KYf
KMaVagX�NEP�P | Ú � � |M|M| ]JA7S u ÒgNEmÙ`;f�`;P
^�XG`;fhfhNEm©}Mf�ÒgN [ c ^ � c XGagNDX%NE` Ô Ò5f%Ün`lf�P KYX�N4f�KYáMNEmÓKMPªKMm§�?i bd��� ]7ÒVKYXGKM]ofhNDXdf c?c ZgfhenZgf f c f�ÒgN�aV`ºPhe [ KAsMS u ÒgNEm
f�ÒgN Þ X7KMmVP�L§`lfhfhNDXdp�KYf�KOQ�N Ô `;PhfhNDX
`;Pê^�XG`lfhfhNEm~}Cf�ÒgNjX�NEKMagsOÜn`;fê`;mÓf�ÒgN Þ XGKMmVPGL§`lfhfhNDX bdc mCfhX c [ Q.N Ô `;PhfhNDX
^.` [;[
Ü¯N�X�NEPhNDf�f c �DNDX c S Þ ÒgN?Ün`;fd^R` [;[ Phf�KEs �DNDX c ZVmCf�` [ NEm c Z Ô ÒÁf�`;LONTÒnKMP4N [ KYenPhNEa�f c fhXGKMmVP�L§`;fdf�ÒVNT]GÒVKYXGKM]ofhNDX
f c f�ÒgN.fhNDXGL§`;mVK [ �2f�ÒgNEmOf�ÒgN4XGNEKMags�Ün`lf ^.` [;[ Ü¯N�PhNDfªÜFKM]�á�f cTc mgN.K Ô KM`ºm©S Þ ÒgN Þ XGKMmVP�L§`;fhfhNDX�p�KYf�K¥Q�N Ô `ºPhfhNDX
P�Ò c Z [ a c m [ sµÜ NÙ^�XG`lfhfhNEm�^.ÒgNEmÉf�ÒgNäX�NEKMags¹Ün`;f cMt f�ÒgN Þ X7KMmVP�L§`lfhfhNDX bdc m5fhX c [ Q�N Ô `;PhfhNDXO`;P c mgN �d` t f�ÒgN
fhXGKMmVPGL§`lfhfhNDXÙ`ºP�m�u_f§X�NEKMaVs f�ÒgNEm ^�X7`lfhNEP§f c f�ÒgN Þ XGKMmVPGL§`lfhfhNDXÙp�KYf�K Q�N Ô `;P�fhNDXäKYX�Ny` Ô m c X�NEa ?°f�ÒgNy^�XG`lfhN
KYeVe¯NEKYXGP4f c P�ZV]D]oNDNEa¸ÜFZgf
f�ÒgN¥]GÒnKYXGKM]ofhNDXR^R` [;[ m c f�Ü¯N c ZgfhenZgf[A7S

� mOX�NEK [ ] c L§enZgfhNDXGPê`lf%f�KYáMNEP�f�`ºLON4f c PhNEmna§]GÒVKYX7KM]ofhNDXGP c rMNDXêf�ÒVN�PhNDXG`;K [V[ `;mgNEP f�ÒVKYf�] c mnmgNE]of�fhNDXGLÓ`;mVK [ P
f c ] c L§enZgfhNDXGPDS Þ ÒVNEPhN�f�`;LON [ K Ô P�KYX�NjP�`;LÑZ [ KYfhNEaOÜ�sÓikÏ � xÉSCë c XdNoÚkKMLOe [ NM}5K t fhNDXêf�ÒVN.fhXGKMmVPGL§`lfhfhNDXêP�f�KYX�f�P
fhXGKMmVPGL§`lfhf�`;m Ô K�]7ÒVKYXGKM]ofhNDXE}Yf�ÒgN�fhXGKMmVP�L§`;fhfhNDXFu P©X�NEKMagsjÜn`lf©^R` [;[ Ü¯NE] c LON �DNDX c.t°c XÀK4^RÒV` [ NMSWikÏ � x LONEKMP�ZVX�NEP
f�ÒV`;P�f�`;LON¥`;m¢`;mVPhfhXGZn]of�` c mVP
NoÚkNE]DZgfhNEa©}Fm c fR`;m�X�NEK [ ] [ c ]�áÁf�`;LONMS Þ ÒV`ºP4LONEKMmVP�f�ÒnKYf.f�ÒgNTfhX7KMmVP�L§`lfhfhNDXR^.` [;[
m c fTÜ¯NE] c LONÓX�NEKMagsµK Ô KM`;m�ZnmCf�` [ f�ÒVN§eVX c ]oNEP�P c X¥ÒnKMPTNoÚkNE]DZgfhNEa�K¸]oNDXGf�KM`;m�m�ZVL�Ü NDX cMt `ºmVPhfhXGZV]of�` c mVPDS �(t
s c ZÁPhf c e�f�ÒgN?L§KM]7ÒV`;mgN�KMmVa [ c�c áÓKYf
f�ÒgN�X�NEKMags§Ün`;fêZVP�`ºm Ô ikÏ � xÉ}k`lfê^R` [;[ m c f
]7ÒVKMm Ô NMS�â c ^dNDrMNDXE}n` t s c Z
[ NDf4f�ÒgN�L§KM]GÒV`ºmgN?XGZVm�f�ÒgNEm¸f�ÒgN?Ün`lf4^.` [;[ NDrMNEmCf�ZVK [º[ sä]7ÒVKMm Ô NTÜFKM]�áÁf c§c mgNMS
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